CH 4 production to protein supply differed with the basal substrate, being higher for a rapidly fermented substrate than for a slowly fermented one. In addition, the protection of sunflower protein against ruminal degradation by a combined treatment of malic acid and heat resulted in a reduction of in vitro CH 4 production that was attributed to reduced protein degradation .
To our best knowledge the influence of including rumen-protected protein in diets representative of those fed in the practice on CH 4 production has not yet been investigated. The objective of this study was therefore to evaluate the inclusion of rumen-protected sunflower meal (SM) and sunflower seed (SS) in high-cereal diets on in vitro CH 4 production and ruminal fermentation. Both SM and SS are protein sources extensively used in practical feeding of ruminants, and a reduction in their ruminal protein degradation could increase protein utilization by the animal and reduce N environmental emissions.
| MATERIAL S AND ME THODS
Samples (500 g) of both SM and SS were ground (2 mm), weighed and sprayed with a solution of 1 M malic acid at a rate of 400 ml per kg of substrate fresh matter, left at room temperature for 1 hr and subsequently dried at 150°C for 1 hr as a protective treatment (TR) against ruminal degradation .
Four total mixed diets were formulated according to a 2 × 2 factorial arrangement of treatments. The diets had 13 (low) or 17 (high) g of crude protein (CP)/100 g dry matter (DM) and included SM and SS either untreated (13CON and 17CON diets) or treated as before described (13TR and 17TR diets) . All feed ingredients were ground to pass a 1 mm screen and mixed. Ingredient and chemical composition of diets and chemical composition of SM and SS are shown in Table 1. Dry matter, ash, nitrogen and ether extract contents were determined according to the Association of Official Analytical Chemists (1999). Organic matter content was calculated as 100 minus ash content. Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) analyses were performed as described by Van Soest, Robertson, and Lewis (1991) . Sodium sulphite and heatstable amylase were used in the sequential analysis of NDF, ADF and ADL, and they were expressed exclusive of residual ash. 
| RE SULTS AND D ISCUSS I ON
The combined malic acid heat treatment was selected because its efficacy for protecting protein from ruminal degradation was proved in previous in situ and in vitro studies (Arroyo et al., 2011 (Arroyo et al., , 2013 Díaz-Royón, Arroyo, Sánchez, & González, 2016; . Malic acid, as other acids, causes denaturation of proteins, reduces its solubility and provides effective protection against degradation by ruminal microorganisms.
The treatment caused only minor changes in chemical composition of both SS and SM (Table 1) , and the slight decreases observed in CP, NDF, ADF and ADL content in TR samples compared with the untreated samples might be due to a dilution effect associated with adding malic acid in the treatment.
The experimental diets were formulated to contain a high proportion of cereal grains (62.2 and 45.2% for low-and high-protein diets respectively) because observed that the contribution of protein fermentation to CH 4 production was greater with a rapidly fermentable substrate (starch) than with a slowly fermentable substrate (cellulose). Diets with two different CP levels were formulated to analyse the possible interaction between treatment and CP level. Finally, the study examined the differences between diets at two incubation times (8 and 24 hr), as sunflower protein is rapidly degraded in the rumen (Arroyo et al., 2013) and the influence of treatment might become less marked as incubation time increased.
There were no effects (p > 0.05) of either treatment or CP level on final pH (values ranged from 7.02 to 7.08, and from 6.63 to 6.71 at 8 and 24 hr of incubation respectively). As shown in Table 2 Different in vitro studies (Carro & Ranilla, 2003; Tejido, Ranilla, García-Martínez, & Carro, 2005) have reported that malate supplementation increased propionate production, which can contribute to a reduction in CH 4 production, as malate acts as an electron acceptor and is converted to propionate by the succinate pathway. In contrast to that observed at 8 hr of incubation, TA B L E 2 In vitro ruminal fermentation of diets containing sunflower seed and sunflower meal, either untreated (CON) or treated (TR) against ruminal degradation, and two crude protein levels after 8 and 24 hr of incubation (Jentsch et al., 2007) , which could help to explain the lower CH 4 production observed for highprotein diets at 24 hr as these diets contained less carbohydrates (698 g/kg) and more CP than low-protein diets (745 g of total carbohydrates/kg; Table 1 ). The trend to greater CH 4 production observed at 8 hr for high-protein compared with low-protein diets is difficult to explain, but could be related to greater CP degradation in these diets resulting in greater fermentation of carbon skeletons generated from amino acid deamination. This hypothesis is supported by the trend to increased NH 3 -N concentrations in high-protein diets.
In conclusion, the inclusion of sunflower seeds and sunflower meal treated with a combined malic acid-heat treatment in highcereal diets resulted in lower in vitro CH 4 and NH 3 -N production at early stages of fermentation without decreasing the amount of 
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